C
onsiderations of the paleobiology of the Late Pleistocene European Neandertals have been focused principally on fossil remains from more northern portions of Europe given the presence of associated partial skeletons from Belgium, France, Germany, and Ukraine and their near absence in Mediterranean Europe. There are a variety of Neandertal remains from south of the Alps and Pyrenees, deriving principally from sites in central Italy and near the coasts of Iberia (1, 2) . However, they are primarily craniofacial and dental with occasional incomplete postcranial elements. To date, the only associated postcranial remains are the fragmentary elements of Palomas 92, and it lacks indisputable cephalic elements (3) . It is in this context that we describe an associated skeleton of an adolescent-to-young-adult female Neandertal, from the early last glacial levels of the Sima de las Palomas del Cabezo Gordo, Murcia, southeastern Spain.
Sima de las Palomas and Palomas 96
The Sima de las Palomas, Cabezo Gordo, Torre Pacheco, Murcia, Spain (37°47′ 59′′ N, 0°53′ 45′′ W) is a Late Pleistocene in-filling of an ∼18-m vertical shaft in a hill of Permo-Triassic marble, which was largely emptied by late 19th century miners (4-7) (SI Appendix, Figs. S1 and S2). They left a vertical sediment column against one side of the shaft, which has been systematically excavated in the uppermost 3-4 m (the upper cutting) (7) .
The upper cutting (SI Appendix, Fig. S2 ) consists principally of a cemented massive scree (conglomerate A), sloping down from the west side, overlain to the east by an infilling of softer sediment containing small angular stone clasts, within which there is a dark-gray lens, the upper gray layer. Both conglomerate A and the later finer sediment lie on an additional extensive gray horizon (the lower gray layer). This lower gray layer covers, in turn, another heavily cemented bone-bearing breccia (conglomerate B), which in turn covers a looser scree. All of these sedimentary deposits in the upper cutting contain abundant Middle Paleolithic (Mousterian) lithic and faunal remains and have yielded ∼100 variously complete human fossils.
The Palomas 96 associated remains, discovered in 2006 and 2007, derive from conglomerate A along with the partial Palomas 92 skeleton (3) and the partial remains of a juvenile in anatomical connection (Palomas 97) (7). All three have been excavated from variably hard breccia. Some bones are badly compressed but others are in excellent condition and in anatomical connection; they are slowly being extracted from their encasing matrix. It is as yet unclear how the skeletal elements came to be entombed in conglomerate A, but current scenarios involve intentional burial, accidental burial in a rock collapse, and washing in from the adjacent slope (7) . If the first scenario, it would be the only Neandertal burial known from Mediterranean Europe, but it would be unexceptional for Late Pleistocene Neandertals (8) .
A combination of accelerator mass spectrometry (AMS) radiocarbon, laser ablation multicollector plasma mass spectrometry (LA-ICP-MS) uranium-series, optically stimulated luminescence (OSL), and paleoclimatic correlation dating places the upper gray layer to ≥40,000 calendar years before present (cal y BP) and those in conglomerate A to ∼50,000-60,000 cal y BP [early marine isotope stage (MIS) 3] (6, 7). The deeper levels of the sediment column should extend back through much of the Late Pleistocene. Only Middle Paleolithic lithic remains have been found in situ.
Palomas 96 retains portions of all skeletal units except the feet (SI Appendix, Table S1 and Fig. S3 ). The skull was badly crushed in situ with loss of the mandibular corpus and of the posterior, inferior, and most of the left neurocranium ( Fig. 1 and SI Appendix, Figs. S4 and S5). The right facial elements, although broken and displaced, are undistorted. Twenty-two teeth remain, cemented into the facial skeleton. The axial skeleton is incomplete and consists principally of partial lower cervical, upper thoracic, and lumbar vertebrae; five sacral bodies; and six or more right ribs cemented to the right scapula and clavicle (SI Appendix, but few carpals remain uneroded. All elements of the ossa coxae except the posterior ilium are present on at least one side, but broken, displaced, and cemented (SI Appendix, Fig. S7 ). The femora are almost complete, as is the left tibia.
Aspects of Palomas 96 will yield further data as processing continues, but the remains furnish sufficient morphometric and discrete data to provide insight into southern European Neandertal paleobiology. In particular, Palomas 96 is one of only two Neandertals (along with La Ferrassie 1) that provide reliable lengths of all four major limb segments, clavicular and scapular lengths, and weight-bearing articular dimensions.
The open left greater sciatic notch identifies Palomas 96 as female (SI Appendix, Fig. S8 ). On the basis of the full occlusal eruption of the left M 3 combined with ventrally unfused sacral bodies, unfused proximal clavicular epiphysis, and partially fused iliac crest, she has an estimated age at death of ≤20 y with a probable range of 16-20 y (9-12) (SI Appendix, Figs. S9-S12). All of the sufficiently preserved long bone and manual epiphyses are fused. Although Palomas 96 was not fully skeletally mature at death, it is unlikely that additional growth would have altered the morphological features or body size and proportions of this individual.
Palomas 96 Morphology
Affinities of Palomas 96. The Palomas 96 remains present a series of discrete characteristics that, in a European MIS 3 context, identify her as a Neandertal (13) . Although some features are plesiomorphous (13) and some continue into Early/Mid-Upper Paleolithic (E/MUP) modern humans (14) , these are aspects that are common among the Neandertals and rare or absent from geographically and chronologically adjacent samples of early modern humans, both Middle Paleolithic modern humans (MPMH) and E/MUP.
These elements for the cranium include a distinct lateral supraorbital torus and broad supratoral sulcus, a large frontozygomatic suture with a columnar frontal process of the zygomatic bone, little horizontal angulation of the anterolateral zygomatic bone, absence of a canine fossa, and a strongly bilevel nasal floor with a sharply angled inferior nasal aperture margin (15) (16) (17) (18) (Fig. 1 and SI Appendix, Table S3 and Figs. S13 and S14). Its estimated nasal aperture breadth (30-32 mm) falls at the overlap zone between Neandertals and E/MUP modern humans (18, 19) (SI Appendix, Table S3 ). The right mandible exhibits a high coronoid process and a mandibular notch with the lowest point closer to the condyle, a prominent superior medial pterygoid tubercle on the ramus (17) ( Fig. 1 and SI Appendix, Table S3 and Fig. S14 ), and the left one has a rounded gonial angle. The dentition possesses a strongly shoveled I 2 with marked labial convexity, a combination found predominantly among the Neandertals (20, 21) .
There are also postcranial features that align her with the Neandertals, aspects that are apparently unrelated to skeletal hypertrophy and/or that appear early in development. The upper limb ones include the strong dorsal sulcus of the right scapula, a narrow medial humeral pillar, a medially oriented radial tuberosity, subequal pollical phalangeal lengths, and ulnar deviation of the pollical distal phalanx (22-26) (SI Appendix, Tables S2 and  S4 and Fig. S15 ). She also has an elongated superior pubic ramus with a thinned ventral margin, the absence of pilasteric development on the femora, a rounded convex cross-section of the tibial diaphysis, and the absence of distinct fibular diaphyseal sulci (13, 27-29) (SI Appendix, Fig. S16 ).
There are nonetheless aspects that are less common among the Neandertals. The dentition is markedly nontaurodont (SI Appendix, Fig. S9 ). The I 2 labial root length is unexceptional for Neandertals or early modern humans, but its I 1 root length is 3.1 SDs from a Neandertal mean (including Palomas 19 and 21) and at the lower limit of an E/MUP sample (SI Appendix, Table S5 ). The metacarpal 1 lacks an opponens pollicis flange. The manual terminal phalanges from digits 3 and 4 have apical tufts that lack the rounded curve of Neandertals (including Palomas 28) and present distinct ungual spines (SI Appendix, Fig. S15 ).
Palomas 96 therefore presents a suite of morphological aspects that align it with Late Pleistocene Neandertals, although there are a few aspects that are less common or previously unknown among 
Body Size. Her femoral and tibial lengths, as indications of stature (31) , are among the smallest known for Neandertals (Fig. 2B and SI Appendix, Tables S6 and S7 ). Her estimated (from maximum trochanteric length given neck crushing) femoral bicondylar length, at ∼391.5 mm, is below all reliable Neandertal lengths but approached by Palomas 92 (∼394 mm). Her tibial maximum length of 304 mm is matched by the estimate for Shanidar 6 (∼302 mm) but is below the remainder of the Neandertal values. Her femoral length can be found in the E/MUP sample, but not her short tibial length (Fig. 2B) Fig. 2A and SI Appendix, Tables S2 and S8 ).
The best indicator of body mass, given the dearth of pre-MUP pelvises, is femoral head diameter (31) (Fig. 3A and SI Appendix, Table S7 ).
Body Proportions. Neandertals have been noted to contrast with E/MUP and Middle Paleolithic modern humans in their body breadths and distal limb relative lengths (32) (33) (34) , and Palomas 96 can be directly evaluated for all except bi-iliac breadth.
There is only a modest difference in radiohumeral length proportions across the Late Pleistocene samples ( Fig. 2A) , despite strong ecogeographical patterning for brachial indexes among recent humans (32, 35) . Palomas 96, despite its small size, falls within the other MIS 5d-3 remains but close to the Neandertal average. However, Neandertals exhibit relatively short distal leg segments, despite the estimated values for La Chapelle-aux-Saints 1 and La Ferrassie 1 (36, 37) falling close to the E/MUP distribution (Fig. 2B) . Palomas 96 is among the Neandertals with short distal legs, who are highly significantly different from the early modern human samples (SI Appendix, Table S9 ).
The only body breadth measure that is available for Palomas 96 is clavicular length, although preliminary assessment suggests a broad bi-iliac breadth. The five Neandertals with sufficiently intact clavicles all have long claviculohumeral proportions, significantly different from the small E/MUP and MPMH samples (SI Appendix, Table S9 ). The estimated range for Palomas 96 (140-145 mm, given its absent proximal epiphysis) places it among those Neandertals and distinct from the variable E/MUP and MPMH samples (Fig. 2C) .
It is also possible to assess relative body core mass by comparing femoral head diameter (as reflecting mass) to femoral length (reflecting stature); the Neandertals (especially the European ones) cluster along the "stockier" edge of the E/MUP distribution, distinct from the "linear" MPMH sample, and Palomas 96 is among those more northern Neandertals at the edge of the E/MUP distribution (Fig. 3A and SI Appendix, Table  S10 ). Indications of a broad trunk are also apparent in the relatively broad femoral diaphyses of the Neandertals (Fig. 3B) , in the context of scaled anteroposterior rigidity stasis through the Late Pleistocene (38); Palomas 96 again extends the Neandertal line to a smaller size range and is significantly different from the E/MUP sample (SI Appendix, Table S10 ).
Palomas 96 therefore suggests that southern European Neandertals shared the "hyperpolar" (35) body proportions of the latter.
Appendicular Hypertrophy. Recent reassessments (39) have documented little change in lower limb robustness through the Late Pleistocene, in the context of reductions in shoulder, arm, and hand hypertrophy with the establishment of early modern humans. In the former, Palomas 96 falls among the other Late Pleistocene humans in relative femoral rigidity (Fig. 4) , who are not significantly different from each other (SI Appendix, Table S11 ). In the latter, the Palomas 96 estimated scapular breadth, reflecting both rotator cuff hypertrophy and scapular rotation moments, is among the similarly enlarged Neandertals (Fig. 5A) . Related muscular hypertrophy is evident in pectoralis major tuberosity breadths scaled to humeral length (Fig. 5B) ; there is little archaic-modern overlap, and Palomas 96 clusters with La Ferrassie 2 and Tabun 1.
The right radius has a medially oriented tuberosity, in a position to maximize the biceps brachii moment arm through supination; this orientation is the dominant position among the Neandertals, is absent from the MPMH, and rare among E/MUP humans (39) (SI Appendix, Table S4 ). Manually, Neandertals exhibit, among other aspects (25) , large palmar carpal tuberosities (including hamuli) and broad apical tufts (39) indicating large distal digital pads (42) . Comparing the summed hamuli dimensions to hamate length places Palomas 96 among the other Neandertals and above the early modern humans (Fig. 6A) . Scaling the average for the three middle phalanges (given distal phalangeal digit uncertainty for many specimens, but not Palomas 96) to humeral length (given the relatively shorter distal phalanges of modern humans) separates the modern humans from the Neandertals (Fig. 6B) . The average of the Palomas 96 third and fourth ray distal breadths Table S10 for residual comparisons. Fig. 4 . Locomotor robustness as reflected in femoral midshaft (50%) diaphyseal rigidity versus femoral biomechanical length times estimated body mass. Body mass was estimated from femoral head diameters using the average of sex-specific (as applicable) formulas (40, 41) . Abbreviations are as in Fig. 2 . See SI Appendix, Table S11 for residual comparisons. Table S11 ).
It is therefore apparent that despite her small size and the diminutive dimensions of several reflections of her robustness, Palomas 96 conforms to the Neandertal pattern of elevated upper limb hypertrophy but no difference in locomotor resistance relative to early modern humans.
Discussion
The Palomas 96 associated partial skeleton provides a unique window onto the body proportions and appropriately scaled appendicular hypertrophy of a European Mediterranean Neandertal (SI Appendix, Fig. S1 ). Once her diminutive dimensions are taken into account, there is little in the Palomas 96 remains to distinguish her paleobiological reflections from those of either the more northern European Neandertals or those from southwest Asia. This result has been implied by previous analyses of incomplete postcrania from Palomas (3) and two other Iberian sites (24, 43) , but it is only with Palomas 96 that is has been possible to confirm this pattern.
Of greatest interest is the presence of the hyperpolar body proportions, characteristic of other European Neandertals, in the relatively mild climate of southeastern Iberia, even through the colder phases of MIS 3 (44, 45) . Given the presence of sophisticated pyrotechnology among the Neandertals (46), including in Iberia (47) , and the probable presence of clothing among them (48) , the Palomas Neandertals were unlikely to have experienced the level of thermal stress commonly associated with the Neandertals.
The other more "southern" Neandertal sample, the one from southwest Asia, differs from the more "northern" European ones only in the more modest femoral head dimensions relative to stature, evident in both those from the eastern Mediterranean littoral and the ones from the northern Zagros Mountains (25, 49) . It has been possible to attribute the presence of largely similar body proportions among these southwest Asian Neandertals, particularly those from the southern part of the eastern Mediterranean littoral, to relatively frequent (in evolutionary time) dispersals from farther north in the region as part of an alternating use of the region with early modern humans dispersing from Africa during MIS 5 and 3 (34, 50) . This interpretation would assume a relatively long-term (tens of thousands of years) stability in these body proportions (33) given their modest thermal advantage (51) .
A similar model is less likely to apply to southern Iberia; Neandertals appear to have been long-term, consistent occupants of Mediterranean Europe (52) (53) (54) , and the body proportions of Palomas 96 cannot therefore be attributed to a recent dispersal of Neandertals south into Iberia. It thus remains possible that the body proportions of Palomas 96, and other Neandertals, reflect more in their paleobiology than thermal regulation. Given the strong correlations between these body proportions and climatic indicators in recent humans (32, 33, 49) , following general ecogeographical rules (55), Palomas 96 raises questions regarding both the long-term stability of such body proportions under changing climatic conditions (32, 33, 56) and what other factors might be influencing them (57) .
Conclusion
Ongoing excavations at the Sima de las Palomas in southeastern Spain have yielded an associated partial skeleton of an adolescent-to-young-adult female Neandertal. Her Neandertal affinities are evident in a suite of craniofacial, dental, and appendicular discrete traits, and she provides the only current evidence for body proportions and appropriately scaled appendicular hypertrophy in southern European Neandertals. Her locomotor hypertrophy is similar to other Late Pleistocene humans, but her upper limbs conform to the Neandertal (and archaic Homo) pattern of elevated robustness. Her body proportions are indistinguishable from those of northern European Neandertals, in terms particularly of body breadth, distal leg foreshortening, and probable body mass to stature, and they contrast with those of Middle Paleolithic and earlier Upper Paleolithic modern humans. The Palomas 96 remains therefore raise the issue of the extent of ecogeographical patterning in body proportions among European Neandertals.
Materials and Methods
The Palomas 96 remains are compared principally to the available samples of Late Pleistocene (MIS 5d to 3) western Eurasian Neandertals and of pooled MIS 3 E/MUP modern humans. Additional data are provided for the southwest Asian MIS 5c MPMH. Data from other Palomas Neandertal specimens are Fig. 2 . See SI Appendix, Table S11 for phalangeal residual comparisons. included in comparative summary statistics, but are also mentioned individually. Comparative data are from primary published descriptions of remains supplemented by personal research. Right and left measurements, as available per individual, are averaged in sample statistics and data plots. For bivariate comparisons (Figs. 2-6 ) for which the regression slopes of the E/MUP sample are significantly different from zero (all but the scapular, pectoralis major, and hamate comparisons), the samples are compared using the distributions of the raw residuals from the reduced major axis line through the E/MUP sample (SI Appendix, Tables S9-S11).
Morphometric measurements follow Martin (58) . Cross-sectional geometry parameters were generated using SLICE/SLCOMM (59, 60) and digitized from scaled fossilization breaks, and reconstructed cross-sections were generated using polysiloxane putty (CutterSil) and biplanar radiography projected and enlarged onto a Summagraphics 1812 tablet.
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